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1. INTRODUCTION  

The purpose of this document including the associated appendices is to summarise all necessary 

information to implement and integrate the Mahola healthcare system right until it can go into 

operation as intended. In parallel, the Mahola Governance Plan with its associated policies 

provides strategic guidance and the underlying information regarding the operational processes 

and roles of the Mahola system. 

 

In the main body of this document, following the introduction and the overview of the phased 

approach and the Master Schedule, each necessary implementation and integration step is 

described in sufficient detail (without going into too much detail) and cross references are made 

to the information contained in the appendices, for example which equipment, materials, 

components and/or supplies are needed for each step. 

 

The principle is to implement all sub-elements of the overall system and to integrate them in a 

controlled manner to ensure consistence and cooperation of all such sub-elements as needed. For 

example in order to establish the ambulance service as part of the healthcare system, a vehicle 

needs to be purchased that may have to be modified, and later will have to be equipped and 

supplied as an ambulance, while the ambulance drivers need to be recruited, trained and fully 

prepared to take the responsibility for the operational use of the ambulance, as well as its on-

going maintenance at the required readiness level. 

 

The implementation and integration steps described in this document are divided into: 

- Putting in place the governance structures and nominating/recruiting the people needed to 

operate, manage, supervise and strategically guide the Mahola system; 

- Procuring (make or buy) all that is needed from tools, materials, equipment and supplies, 

via the ambulance vehicle, to the bursary places for the training of future nurses and mid-

wives; 

- Implementing the Health Centre at the heart of the Mahola system, as well as other key 

elements of the system such as the ambulance or the ICT solution in support of the day-

to-day operations of the system; 

- Integration of all the above into the operational Mahola healthcare system, including 

training activities and complex exercises to test and further improve the readiness level of 

the system; and finally 

- The establishment of a water and electricity distribution network for Siliyegue, as an 

isolated, add-on project, following the final validation of the Mahola system. 

 

There are three appendices to this document: the óMahola Equipment, Materials, Components & Supplies 

listô (Appendix 1), the óMahola Progress Statusô (Appendix 2), and the óMahola Verification & Validation 

Matrixô (Appendix 3). The former represents a summary list of all items that need to be procured (made 
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or purchased) for the project and it helps to carry out and manage all procurement activities. The second 

appendix is a summary view of all identified steps and activities, so that progress against those can be 

tracked and schedule estimates and risk considerations be supported. The latter appendix is based on the 

identified user needs and the specified system requirements, and represents a summary of all specified 

verification and validation activities against these. This óV&V Matrixô serves to make sure that the 

Mahola project meets all requirements and, once fully operational, fulfils the identified user needs. 

 

2. PHASED APPROACH AND MASTER SCHEDULE  

 

The different steps and activities to implement and integrate the Mahola system may be executed 

sequentially or partly in parallel; depending on the availability of the identified key people who 

lead each of the steps and activities, and the decisions by the local Steering Committee. 

 

Furthermore, the duration of each of these steps and activities depends on a number of factors 

such as the season (i.e. the weather), the availability of key people, and their respective 

competence (knowledge, skills and experience) regarding the activities at hand. 

 

Therefore, the Master Schedule for the steps and activities of the óImplementation & Integrationô 

phase of the Mahola project merely represents one possible schedule that depends on the above 

mentioned factors. All steps and activities have been listed, their dependencies specified and 

visualised, and their duration estimated in working days. However, if the level of relevant 

competence among the participating people is high and/or the number of competent participants 

is high and/or their availability is high and/or the weather is favourable for the work to be carried 

out, then the schedule will be shorter, and vice versa. Figure 1 provides an overall view of the 

Implementation & Integration phase of the Mahola project, whereas Figure 2 provides a more 

detailed view on the implementation of the Health Centre at the heart of the Mahola system.  

 

 

Figure 2.1: The Master Schedule of the Implementation & Integration phase 
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Figure 2.2: The detailed Master Schedule of the implementation of the Health Centre 

 

3. IMPLEMENTATION & INTEGRATION STEPS 

In this section of the document, each step and any associated activities are described and helpful 

references are provided to the appendices; as well as any relevant drawings or screenshots of 

digital models.  

 

During the activities of this phase of the project, progress should be tracked by filling in the 

progress status matrix (Appendix 2), and keeping the EMC&S list (Appendix 1) and V&V 

Matrix (Appendix 3) updated, as appropriate.  

 

When working on a specific step or activity, where applicable, the needed Equipment, Materials, 

Components & Supplies can be filtered from Appendix 1. Also when Verification & Validation 

activities have to be carried out, the V&V Matrix (Appendix 3) contains the relevant system 

requirements and user needs with their respective fit criteria, against which the V&V activities 

have to be carried out.  

 

Concretely this means that the appendices should be printed out and used as templates that can 

be manually filled in by the Systems Engineer and/or the people leading specific steps and/or 

related activities. Regularly the Systems Engineer or a suitable responsible integrator can then 

consolidate any such lists that are being used in order to obtain and provide to the Steering 

Committee and other project stakeholders an updated view of the overall status of the progress. 
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3.1 IMPLEMENT GOVERNANCE & RECRUIT PEOPLE 

This step is fundamental to the implementation of the different elements of the Mahola system. It 

is about signing off the Governance model of the Mahola system by the Steering Committee, 

identifying the needed actors to implement and integrate the Mahola system, as well as the 

first, future employees and volunteers of the actual system when it goes operational (including 

bursary recipients), and recruiting the identified people, as and when needed. A responsible 

person should be nominated to lead each of the steps identified in this document.  

3.1.1 Implement Governance 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0214:  
Review and sign off 
the Mahola 
Governance Plan 
(including the 
business model, 
Processes, Roles and 
Policies) and the 
Mahola Building 
Instruction (including 
the EMC&S list). 

Gov - Conduct Design Verification. 
- Baseline Mahola Governance 
Plan and Mahola Building 
Instruction.  
- Translate both 
documents into French.  
- Print, soft-bind and sign off 
both documents (UK).  
- Present both documents to 
the Steering Committee 
(Cameroon).  
- Sign off both documents with 
any required changes marked. 
- Implement any changes in 
the baseline. 

- - - - n/a For the 
presentation to 
the Steering 
Committee an 
up-to-date 
overview of the 
project will be 
included for 
information. 

SS0215:  
Identify the needed 
actors for the 
implementation and 
integration of the 
Mahola system 
(including responsible 
persons for each of 
the Implementation & 
Integration Steps, and 
the different policy 
officers). 

Gov  - - - - n/a  

SS0216:  
Identify the needed 
positions (employees, 
volunteers and 
bursary recipients) of 
the future, operational 
Mahola system. 

Gov  - - - - n/a  
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3.1.2 Recruit People 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0217:  
Recruit suitable 
candidates for each of 
the identified positions 
when needed. 

Gov - Define the selection process. 
- Prepare a job description and 
contract for each position, 
including the start date and 
remuneration.  
- Advertise the positions.  
- Conduct the selection 
process transparently.  
- Sign the contracts with the 
selected candidates. 

- - - - n/a For bursaries, 
expected 
presence and 
activities during 
the holiday 
periods and a 
mandatory 
period of service 
following the 
studies have to 
be contractually 
agreed. 

 
 

3.2 PROCURE EQUIPMENT, MATERIALS, COMPONENTS & SUPPLIES (EMC&S) 

This step is about the centralised procurement (and safe and secure storage if necessary) of all 

equipment, materials, components and supplies that are needed to implement, integrate and 

finally operate the Mahola system. 

3.2.1 Procure for the Construction of the Health Centre 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0202:  
Procure or make (as 
appropriate) all 
needed equipment, 
materials, components 
& supplies for the 
construction work; and 
ensure the protected 
storage of valuable 
items. 

HC - Check that all EMC&S items 
are identified and it has been 
decided how they will be 
provided.  
- Cost and schedule each 
item.  
- Identify which EMC&S have 
to be stored and how they 
have to be protected.  
- Make available the required 
storage capacity (including for 
valuable items).  
- Procure* or make all 
identified EMC&S items.  
- Check the quality of all 
items**.  
- Store all items safely and 
securely as required. 

x x x x n/a *In case of 
buying items, go 
through the 
following steps: 
Identify 
candidate 
suppliers, 
request quotes, 
decide on 
supplier and 
order items.  
** In terms of 
quantity, size, 
properties, 
health and 
safety aspects. 
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3.2.2 Procure Bursaries 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0209:  
Procure bursary 
contracts for each 
identified recipient, as 
needed. 

Gov - Check that all bursaries are 
identified and it has been 
decided how they will be 
provided.  
- Cost and schedule each 
bursary.  
- Procure bursary (sign 
contract). 

12 
13 

- - - n/a This is based on 
the recruitment 
of a suitable 
candidate for 
each bursary. 

 

3.2.3 Procure Ambulance Vehicle 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0210: Procure the 
Ambulance vehicle as 
specified. 

AM - Cost and schedule the 
ambulance.  
- Procure* the ambulance 
vehicle.  
- Check the quality** of the 
ambulance vehicle. 

3 - - - n/a *Go through the 
following steps: 
Identify 
candidate 
suppliers, 
request quotes, 
decide on 
supplier and 
order the 
vehicle.  
** Against the 
specification. 

 

3.2.4 Procure Other Equipment and Supplies 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0211: Procure the 
necessary equipment 
and supplies for the 
First Aid Network, the 
Ambulance and the 
health centre; and 
ensure the protected 
storage of valuable 
items. 

FA, AM, 
HC 

- Check that all EMC&S items 
are identified and it has been 
decided how they will be 
provided.  
- Cost and schedule each 
item.  
- Identify which EMC&S 
items have to be stored and 
how they have to be protected.  
- Make available the required 
storage capacity (including for 
valuable items).  
- Procure* or make all 
identified EMC&S items.  
- Check the quality of all 
items**.  
- Store all items safely and 
securely as required. 

x - - x n/a *In case of 
buying items, go 
through the 
following steps: 
Identify 
candidate 
suppliers, 
request quotes, 
decide on 
supplier and 
order items.  
** In terms of 
quantity, size, 
properties, 
health and 
safety aspects. 
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3.2.5 Procure ICT Solution 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0212: Procure the 
ICT Solution as 
specified; and ensure 
the protected storage.  

ICT - Check that all EMC&S items 
are identified and it has been 
decided how they will 
be provided.  
- Cost and schedule each 
item.  
- Identify which EMC&S 
items have to be stored and 
how they have to be protected.  
- Make available the required 
storage capacity (including for 
valuable items).  
- Procure* all identified 
EMC&S items.  
- Check the quality of all 
items**.  
- Store all items safely and 
securely as required. 

89 - - - n/a *In case of 
buying items, go 
through the 
following steps: 
Identify 
candidate 
suppliers, 
request quotes, 
decide on 
supplier and 
order items. 
**Against the 
specification. 

 

3.2.6 Procure for the Water and Electricity Distribution Network 

The implementation of the Water & Electricity Distribution Network for Siliyegue is to be 

pursued with a lower priority, based upon and following the full integration of the operational 

Mahola system. It represents a dedicated add-on project within the Mahola project. 
 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0213: Procure the 
equipment, 
components and 
supplies for the 
implementation of the 
Water & Electricity 
Distribution Network; 
and ensure the 
protected storage of 
valuable items. 

WE - Check that all EMC&S items 
are identified and it has been 
decided how they will be 
provided.  
- Cost and schedule each 
item.  
- Identify which EMC&S items 
have to be stored and how 
they have to be protected.  
- Make available the required 
storage capacity (including for 
valuable items).  
- Procure* all identified 
EMC&S.  
- Check the quality of all 
items**.  
- Store all items safely and 
securely as required. 

x - x x n/a *In case of 
buying items, go 
through the 
following steps: 
Identify 
candidate 
suppliers, 
request quotes, 
decide on 
supplier and 
order items.  
** In terms of 
quantity, size, 
properties, 
health and 
safety aspects. 
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3.3 ACCOMPANY BURSARIES 

This step is about accompanying the established bursaries for future nurses and mid-wives that 

will work as employees within the Mahola system. This covers on-going liaison with and support 

of each of the selected students (bursary recipients); as well as work as part of the Mahola 

system during regular periods of service during and a mandatory period of service following 

their studies. 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0218: Accompany 
each bursary. 

BU - Prepare each selected 
bursary recipient prior to their 
studies.  
- Liaise with and support each 
student during their studies.  
- Organise activities within the 
Mahola system for each 
student during lecture-free 
periods. 

12 
13 

- - - n/a  

 

It is useful for the selected responsible to already accompany the selection process and assist 

during early awareness sessions with candidates and their teachers and families; as well as 

participate in the contract negotiations with the concerned school or university. 
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3.4 IMPLEMENT HEALTH CENTRE 

This step is about the implementation of all components of the health centre that is at the core of 

the Mahola system. Figure 3.1 provides a view of the overall layout of the health centre. 

 

Figure 3.1: The layout of the health centre 

The large Modular Building (MB) lies along the path to Nguimakong shown in the bottom of the 

Figure and contains 7 multi-purpose rooms, including one wet room with showers and toilets, 

and is nominally laid out for up to 18 patients and 4 staff members in case of an epidemic. The 

Combined Utility Housing (CUH) is placed about 30m behind the MB and contains solar energy 

equipment including batteries, a back-up generator, an electric water pump and various tools; 

and it supports the drinking water reservoir for the health centre. The Waste Disposal & 

Recycling Housing (WD&RH) lies about 30m to the right of the MB, directly at the path to 

Nguimakong. The MB and both housings are connected by pathways as shown and there is a 

direct access for the ambulance from either path to the patient off-loading area of the MB (left 

part of the MB). The health centre also includes two cess pools as indicated, one for sewage from 

the rainwater supplied toilets, and one from the showers and sinks of the MB. The exact 

positions of the MB and both housings, as well as the pathways may slightly deviate from the 

layout shown in Figure 3.1 depending on the real layout of the plot of land, in order to optimise 

the prevention of erosion due to rainwater.  
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3.4.1 Prepare the site for construction 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0219: Prepare the 
site for construction. 

HC Identify and secure a suitable 
well in the vicinity of 
the site (existing or new) that 
can be used both for the 
construction and subsequently 
for the on-going water 
provision (with a capacity > 
10m^3 per day).  
- Measure the terrain.  
- Mark the location and outer 
dimensions of the modular 
building.  
- Inspect the areas marked for 
the access of the ambulance 
to and from the modular 
building, as well as the patient 
off-loading area.  
- Mark the locations and outer 
dimensions of both housings.  
- Mark the locations of the 
pathways that will link the 
modular building to the paths 
and to both housings.  
- Mark the location and outer 
dimensions of both cess pools. 
- Mark the locations of the 
water and sewage pipes, as 
well as the electric cables.  
- Consider and decide on 
options to evacuate ground 
water*.  
- Mark the location of the 
centre line of green ditches to 
be dug.  
- Measure the terrain as 
marked and verify that it is 
aligned with the design.  
- Cut the marked areas plus 3 
meters from the outer 
markings free from vegetation 
(apart from grass).  
- Dig out any significant roots 
of trees or bushes.  
- Dig out any earth** as 
needed to complete the 
preparation of the drives, paths 
and green ditches.  
- Use some of the earth for 
levelling the surrounding 
surfaces as required.  
- Conduct Product Verification. 

x - - x TD1 * To evacuate 
ground water 
from around the 
modular 
building, the 
housings, the 
drives and the 
pathways.  
** Transport the 
earth to the area 
where the 
concrete and 
bricks will be 
produced. 
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3.4.2 Implement the foundations 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0220: Implement 
the foundations. 

HC - Dig out the earth for the 
foundations of the modular 
building (20cm deep)*.  
- Dig out the earth for the 
foundations of both housings 
(20cm deep)*.  
- Dig out the earth for the 
water and sewage pipes 
(50cm deep)**.  
- Dig out the earth for the 
electric cables (50cm deep)**.  
- Place bricks to support the 
metal reinforcement rods and 
mesh i.a.w. with the design.  
- Place the metal 
reinforcement rods and mesh 
on those bricks i.a.w. the 
design.  
- Prepare the production of 
concrete.  
- Verify the correct placement 
of the metal reinforcement 
rods and mesh.  
- Produce the concrete for the 
foundations***.  
- Pour the concrete for the 
foundations***.  
- Measure the poured surface 
and level as needed***.  
- Mark and protect the wet 
concrete foundations by 
means of wooden poles and 
warning band.  
- Let the foundations dry as 
needed. 

x x x x TD2 Pour the 
foundation for 
the WDRH first 
to practice and 
mark any 
foundation holes 
with marking 
band if left 
unattended to 
prevent 
accidents. 
*Leave some of 
the earth directly 
next to the holes 
and compact it. 
Transport the 
rest of the earth 
to the area 
where the 
concrete and 
bricks will be 
produced. 
Compact all 
surfaces against 
which the 
concrete mix will 
later be poured 
including the 
edges of the 
holes.  
** Pile up the 
earth next to the 
location of the 
pipes and 
cables.  
*** These 
activities are 
carried out in 
parallel, either 
continually or in 
stages, while 
water may have 
to be sprinkled 
onto the wet 
foundation to 
keep it from 
locally drying to 
fast. 

 

Leave some of the earth directly next to the holes for the foundations and compact it so that it 

acts as the elevated shape against which the concrete can later be poured. Transport the rest of 
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the earth to the area where the concrete and bricks will be produced. Compact all surfaces 

against which the concrete mix will later be poured, including the edges of the holes. 

 

To prepare the pouring of the foundations for the MB and both housings, reinforcing rods are to 

be placed on flat bricks at h=5cm and mesh on upright bricks at h=15cm into the slab as shown 

in Figure 3.2. The distance between the supporting bricks is about 1 m respectively; and no 

pipework or footing are to be included in the concrete slab. However, larger stones and (broken) 

bricks can be used in the concrete as well, provided they are spread out and do not form piles of 

material that are not appropriately covered by the poured concrete. 

 

The concrete mix for the foundation slabs, the brick walls and the support of tiles are mixed 

using 100kg gravel (0/16 sand from local earth as far as possible), a 25kg cement (1 bag), and 

12.5l of rainwater ï scaled up to the volume needed for a given foundation slab, brick wall or 

surface to be tiled. Use one or both electric mixers as needed (see Appendix 1). Long pieces of 

straight wood such as thin boards may be used to level the surface of the concrete once it has 

been poured. 

 

 

Figure 3.2: Preparing the concrete foundation of the MB 

 

The concrete mix is poured directly on the prepared ground including the compacted edges (see 

Figures 3.3-3.5), using wheelbarrows, around the clock to ensure continuous drying (although 

this is not necessary, provided the cuts are well bonded by form and inlays). Alternatively, if the 

ground does not seem sufficiently stable for the concrete to be poured against it, wooden casings 

may be used (but the necessary boards and clamps are not currently part of the EMC&S 

baseline). Separations are not necessary since the temperature variations during the year are very 

low. Continuous sprinkling (of rainwater) onto the surface helps levelling and continuous drying. 

Also, smooth access to the MB by wheel chair/ambulance bed has to be ensured, by means of 

local extensions of the foundation slab for ramps. 
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Figure 3.3: Pouring the concrete foundation of the MB (1/3) 

 

Figure 3.4: Pouring the concrete foundation of the MB (2/3) 

 

Figure 3.5: Pouring the concrete foundation of the MB (3/3)  
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3.4.3 Implement the cess pools 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0221: Implement 
the cess pools. 

HC - Dig out the earth for both 
cess pools (3m deep)*.  
- Implant 4 poles of wood 
around each cess pool 
location.  
- Connect these poles by 
warning plastic band.  
- Build the inside wall of each 
cess pool i.a.w. the design 
(including the steps for grip 
support on one side)**.  
- Place the water and sewage 
pipes as designed.  
- Ensure the necessary ratio of 
descent of the sewage pipes.  
- Protect the inlet of the water 
and sewage pipes by means of 
a plastic foil/cap.  
- Produce a wooden lid for 
each cess pool.  
- Remove the protection of the 
inlets of the sewage pipes.  
- Conduct a functional test of 
the sewage pipes***.  
- Cover the open side of each 
sewage pipe by means of a 
plastic foil/cap.  
- Place one lid (including the 
maintenance pipe) on top of 
each of the two cess pool wall 
structures (at a depth of about 
1m).  
- Cover each lid with plastic 
foil.  
- Fill the hole on top of each lid 
with earth until the surface is 
level again. 

x x x x TD3 * Transport 2/3 
of the earth to 
the area where 
the concrete and 
bricks will be 
produced, and 
pile up 1/3 of the 
earth in the 
vicinity of each 
cess pool.  
** Using the first 
sets of bricks 
locally 
produced, or 
bricks of lesser 
quality.  
*** Run some 
water through 
each sewage 
pipe and 
observe that the 
water flows into 
the 
corresponding 
cess pool. 

 

The dimensions of each of the cylindrical cess pools are: d = 2m, h = 2m, with 1m earth on top. 

Early bricks (even at lower production quality) should be used for the cylindrical brick structure 

(see Figure 3.6). The cess pools need to be maintainable in case they are full up. Therefore there 

needs to be a lid that can be opened, a closable maintenance pipe that goes through the lid and 

can be opened to pass a hose into the cess pool in order to pump it out; and a grip support to be 

able to climb in and out. The latter is provided by putting bricks into some of the empty spaces of 

the brick structure of the cess pools as shown in the screenshot of the digital model (see Figure 

3.7). The solid wooden lid (see Figure 3.8) is covered by a sheet of plastic foil and earth. The 

exact position of each cess pool has to be marked and documented. 
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The concrete mix for the foundation slabs, the brick walls and the support of tiles are mixed 

using 100kg gravel (0/16 sand from local earth as far as possible), a 25kg cement (1 bag), and 

12.5l of rainwater ï scaled up to the volume needed for a given foundation slab, brick wall or 

surface to be tiled. Use one or both electric mixers as needed (see Appendix 1). 

 

 

Figure 3.6: Brick structure of the cess pools 

Figure 3.7 shows the use of bricks that are set in the holes of the brick structure of the cess pool 

to enable climbing in and out of the cess pool for maintenance reasons, should this be required.  
 

 

Figure 3.7: Use of bricks to build steps in the structure of the cess pools 
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Figure 3.8 shows the brick structure of the cess pool with wooden lid; and Figure 3.9 provides a 

view on the cess pool before closing it (left upper corner) and with the lid and maintenance pipe 

closed but the hole not yet filled up with earth again (right lower corner). 

 

Figure 3.8: Cess pool structure with lid 

 

Figure 3.9: Cess pool before closure (left) and with lid and maintenance pipe (right) 
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3.4.4 Implement the brick walls 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0222: Implement 
the brick walls. 

HC - Measure and mark* the 
positions of the brick walls of 
the modular building and both 
housings i.a.w. with the 
design.  
- Place the bricks 
corresponding to the walls of 
each room into the centre of 
each room.  
- Produce the cement mix**.  
- Build the walls i.a.w. the 
design**.  
- Conduct Product Verification. 

x x x x TD4 Produce the 
brick walls of the 
WDRH first for 
practice.  
* Using chalk.  
** These 
activities are 
carried out in 
parallel. 

 

The concrete mix for the foundation slabs, the brick walls and the support of tiles are mixed 

using 100kg gravel (0/16 sand from local earth as far as possible), a 25kg cement (1 bag), and 

12.5l of rainwater ï scaled up to the volume needed for a given foundation slab, brick wall or 

surface to be tiled. Use one or both electric mixers as needed (see Appendix 1). 

 

Figure 3.10 shows the dimensions of the single brick walls of the WD&RH. These should be 

attempted first for practice. All people laying bricks should have the opportunity to practice on 

these walls. Figure 3.11 provides screenshots of the digital model of the brick walls of the 

WD&RH. 

 

 

Figure 3.10: The dimensions of the Waste Disposal & Recycling Housing 
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Figure 3.11: The brick walls of the WD&RH  

Figure 3.12 provides the outside dimensions of the brick walls of the CUH. All brick walls are 

double brick walls, including the inside divider wall, which also means that two spanners are 

needed above the entrance door of the CUH. There are 2 airing slits (20cm x 10cm) on either 

side of the CUH, an evacuation for exhaust fumes (10cm x 10cm) from the back-up generator in 

the back wall (right hand side), and two openings on the left wall (10cm x 10cm) for the water 

inlet and outlet of the electrical pump. 

Figures 3.13-3.15 show screenshots of the digital models of the CUH, looking at the housing 

from different angles and showing different aspects of the CUH.  

Figures 3.16 and 3.17 provide screenshots of the roof/water tank support on top of the lower part 

of the CUH. Spanners are placed on the brick walls and the spaces between the spanners on the 

brick walls are closed with bricks as shown. 
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Figure 3.12: The dimensions of the Combined Utility Housing 

 

Figure 3.13: The brick walls of the Combined Utility Housing 
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Figure 3.14: The lower airing slit (left hand side) and water in- and outlet of the CUH 

 

Figure 3.15: The airing slits (right hand side) and exhaust evacuation of the CUH 
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Figure 3.16: Building the roof support of the CUH 

 

Figure 3.17: The roof/water tank support structure of the CUH 
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Once the CUH walls and roof/water tank support structure have been completed, the CUH 

should be closed by means of a firm plastic foil that is fixed on the overhanging spanners, until 

the water tank is installed on top of the CUH during the implementation of the water and sewage 

sub-system. 

Figure 3.18 shows the brick walls of the MB i.a.w. Figure 3.1. The back wall and right exterior 

wall of the wet room are positioned 10cm from the edge of the foundation. The MB is formed by 

double brick walls between the 7 rooms, plus the left and right walls of the MB; and single brick 

front and back walls with single spanners above each of the double doors, except the double door 

leading from the patient off-loading area into the reception room (the first room on the left), 

which needs double spanners above the door (since there is a double wall). 

Figure 3.18 also shows the holes for pipes (fresh water and sewage) and electric cables in the 

back wall of the MB (in the right rear corner of each room). These holes measure 10cm x 10cm 

and will be closed once the pipes and cables are installed. The wet room has additional holes to 

cater for the rain water supplied toilets and the water evacuation from the showers. 

 

Figure 3.18: The brick walls of the Modular Building 
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3.4.5 Implement the roof support structures 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0223: Implement 
the roof support 
structures. 

HC - Prepare the pre-assembly 
of parts of the roof support 
structures.  
- Pre-assemble parts of the 
roof support structures.  
- Install the roof support 
structures.  
- Conduct Product Verification. 

x x x x TD5  

 

The four openings above the brick walls of each room that are formed by the wooden roof 

support structures serve to keep the MB ventilated and further reduce the temperature during sun 

exposure. These openings will be closed by mosquito nets only. In order to reduce vibrations and 

noise during rainfall or strong winds, rubber material is placed between the walls and the wooden 

roof support structure, and between the wooden roof support structure and the tin roof, as 

indicated in Figures 3.19, 3.20 and 3.21. 

The vertical beams to support the roof over the porch area are placed on ground fixations that are 

drilled into the foundation and separate the wood from the floor. All wooden beams and smaller 

components are kept in the intended positions by means of metal fixations and screws. 

 

Figure 3.19: The roof support structure seen from the side of the Modular Building  
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Figure 3.20: The roof support structure seen from the back of the Modular Building 

 

Figure 3.21: The roof support structure seen from the front of the Modular Building 
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Figure 3.22 shows that one additional beam (7m x 10cm x 5cm in each room, and 5m x 10cm x 

5cm over the patient off-loading area of the MB) is fixed to the roof support structure at the level 

of the middle vertical beam. These additional beams serve to stiffen the tin roof in each room and 

over the off-loading area. 

 

Figure 3.22: The roof support structure seen from above (room of the Modular Building ) 

The wood should be dry, and may have to be treated with an environmentally friendly, non-toxic 

product, if it is likely that it will come into contact with water during storage or before the roof 

can be fixed onto the roof support structure. 

Components that can be pre-assembled should be pre-assembled on the floor before lifting it 

onto the brick walls of the MB. At this stage, mosquito net material should not yet be fixed onto 

the wooden roof support structure to ensure easy access to all components of the support 

structure and the integrity of the mosquito net material. 
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3.4.6 Implement the roof 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0224: Implement 
the roof. 

HC - Prepare the installation of the 
tin roof.  
- Install the tin roof onto the 
wooden roof support 
structure.  
- Prepare the installation of the 
rain gutter and rain water 
collector tank.  
- Install rain gutter.  
- Install rain water collector 
tank.  
- Conduct Product 
Verification*. 

x x x x TD6 Ensure spillages 
be avoided. 
Install in parallel 
a segment of 
roof and then a 
segment of solar 
panels to ease 
access, etc. 
*Including 
functional test.  

 

The roof overhang in front of and behind the modular building should be about 1 m as indicated 

in Figure 3.23, with water flowing into the ógreenô ditches. The rain gutter for the rain water 

collection should be placed outside the front of the wet room as indicated in Figure 3.1, and have 

a descend of İ cm per 1m. 

The roof material should be the typical local Aluminium sheet tin roof 57m (55m+2m) x 11m = 

627m^2, supported by wood over 57m x 10m over the foundation of the MB (55m x 9m) ï with 

drip protection of the supporting wood structure on the upper side by means of deflectors (foam 

or similar). 

 

As mentioned for the roof support structure, rubber material should be used as indicated in 

Figures 3.19, 3.20 and 3.21 between the tin roof and the wooden support structure to reduce 

vibrations and protect the wood from humidity. 

 

 

Figure 3.23: The roof over the foundation of the Modular Building 

Prepare the installation of the solar panels over 55m x 10m, leaving a layer of no less than 15cm 

between them and the tin roof to further reduce rain induced noise and inside temperature during 

sun exposure. Install solar panels in parallel with the installation of the tin roof, so that the 

installation of the solar panels is easier. Seal break-through points of the tin roof for installation 

purposes by means of sealant and foam (or similar) that still permits the flow of water along the 

surface of the tin roof.  
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3.4.7 Implement the solar panels 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0225: Implement 
the solar panels. 

HC - Prepare the installation of the 
solar panels (on the roof of the 
modular building).  
- Install the solar panels on the 
roof.  
- Prepare the connection of the 
solar panels to the electricity 
network of the health centre.  
- Conduct Product Verification. 

x - x x TD7 Install in parallel 
a segment of 
roof and then a 
segment of solar 
panels to ease 
access, etc. 

 

Prepare the installation of the solar panels over 55m x 10m, leaving a layer of no less than 15cm 

between them and the tin roof to further reduce rain induced noise and inside temperature during 

sun exposure. Install solar panels in parallel with the installation of the tin roof, so that the 

installation of the solar panels is easier. Seal break-through points of the tin roof for installation 

purposes by means of sealant and foam (or similar) that still permits the flow of water along the 

surface of the tin roof. 

 

The solar panels will be fixed on the roof of the MB as indicated in Figure 3.24 (55m x 10m = 

550m^2), and connected to the electricity subsystem of the HC including the solar energy storage 

equipment in the CUH. The solar panels will be maintenance free, cheap, efficient, and produced 

with the most recent, environmentally friendly surface coating technology. 

 

 

Figure 3.24: The solar panel surface over the roof and foundation of the Modular Building 

The exact installation of the solar panels depends on the panels available. The Mahola project 

seeks sponsors to provide the solar energy components. Therefore, the installation details will be 

clarified at a later point in time; including details on how the solar panels will be fixed on the 

roof (e.g. via rails) and connected to the rest of the electricity subsystem of the HC.  
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3.4.8 Implement the tiles 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0226: Implement 
the tiles. 

HC - Prepare tiling.  
- Tile the floor of the modular 
building.  
- Tile the walls of the wet 
room.  
- Apply grouting between 
the tiles.  
- Clean the tiled surfaces. 

x x x x TD8  

 

The tiles should cover the entire foundation area of the MB where there is no brick wall, as well 

as the wet room walls (550m^2 + (2m x 3walls x 7m)). The tiles should be of light colour and 

water repellent; and the grouting should be easy to clean. Figures 3.25-3.27 provide screenshots 

of the digital model of the tiled MB (both floors and walls) including holes for pipes and cables. 

 

The concrete mix for the foundation slabs, the brick walls and the support of tiles are mixed 

using 100kg gravel (0/16 sand from local earth as far as possible), a 25kg cement (1 bag), and 

12.5l of rainwater ï scaled up to the volume needed for a given foundation slab, brick wall or 

surface to be tiled. Use one or both electric mixers as needed (see Appendix 1). 

 

 

Figure 3.25: The floor tiles of the MB 
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Figure 3.26: The floor tiles of a multi-purpose room of the MB 

Three walls of the wet room, i.e. the back wall and both side walls are tiled up to a height of 2m 

as shown in Figure 3.27.  

 

Figure 3.27: The wall tiles of the wet room of the MB 
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3.4.9 Implement electricity 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0227: Implement 
electricity. 

HC - Install lights, sockets, fuse 
boxes, connectors, solar 
energy control unit, 
transformer, solar energy 
batteries and electrical cables. 
- Connect all lights and 
sockets, fuse boxes, 
connectors, solar energy 
control unit, solar energy 
batteries and solar panels.  
- Conduct Product Verification. 

x x x x TD9  

 

Figure 3.28 provides a high-level schematic view of the electricity sub-system. Note that the WE 

and the connection to the state grid are intended, but not implemented as part of the current 

baseline. The back-up generator is shown but as the name suggests it is only to be used prior to 

the implementation of the solar energy components and during solar energy downtimes, e.g. due 

to maintenance, that cannot be covered by the batteries. 

 

Figure 3.28: The schematic layout of the electricity sub-system of the Health Centre 
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The solar energy component of the electricity sub-system will depend on the identification of 

a sponsor organisation and the related technology that can be used. Figure 3.29 provides a 

high-level view of the likely architecture of this component, assuming DC can be used for all 

electricity consumers in the health centre.  

The use of DC will  avoid significant losses due to the transformation to AC. The colours of 

the connectors indicate that all consumers of the HC will be supplied with DC and any 

surplus energy will be used to charge the batteries in the CUH (green) and in times of weaker 

generation of solar energy than consumption (e.g. during the night hours), the batteries will 

supply the energy needed (red). Install and connect all components of the electricity sub-

system as indicated in Figures 3.29 and 3.30. 

 

Figure 3.29: The solar energy component of the electricity sub-system 

Figure 3.30 shows all inside and outside lights of the Health Centre as well as the electric 

sockets in all rooms of the MB (except the wet room) and in the CUH. 
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Figure 3.30: Layout of the electricity sub-system (lights and sockets) of the Health Centre 
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3.4.10 Implement water and sewage 

Implementation & 
Integration Steps  

System 
Elements  Activities  E  M  C  S  Drawings  Comments  

SS0228: Implement 
water and sewage. 

HC - Install and connect sinks, 
showers, toilets, water and 
sewage piping, and rain water 
collector.  
- Conduct Product Verification. 

x x x x TD10 Ensure 
watertight 
plumbing to 
prevent loss of 
water and open 
spillages. 

 

As indicated in Figure 3.1 install one sink per multi-purpose room of the MB; and 2 sinks, 4 

showers and 4 rainwater supplied toilets in the wet room. Prevent bad odour from sewage pipes 

by using óu shapesô. Partial installations have to be protected (open pipes covered) and marked. 

The toilets are connected with the rainwater collector that is connected in turn to the rain gutter 

installation. An outside rain water tap also is installed and connected. All pipes are fixed to the 

walls by means of brackets, as appropriate. 

 

A suitable well (at least 10m^3 per day capacity) has to be identified and accessed or a new well 

dug. The well needs to be connected with the CUH (water tank) and from there with the MB, as 

indicated in Figures 3.1 and 3.35. The distribution of drinking water to the MB and to the 

external water distribution network has to be selectable, or the priority for the MB in-built. For 

example, the outflow of the water tank on the CUH could be from the bottom of the water tank 

(priority) for the Health Centre distribution, and from above for the water and electricity 

distribution network (once implemented). If this is not feasible, manual valves for both 

distribution networks could be used to shut off the water supply for the external distribution 

network if need be. 

 

The lower part of the CUH is closed by means of 3m spanners (as marked) and bricks, onto 

which wooden boards (5m x 20cm x 5cm x 10) are covered on top by robust PVC (or similar 

plastic foil) for the protection from humidity, and as the basis for the water tank. The water tank 

is placed on this basis, covered by a robust, sun reflecting plastic foil and fixed using strapping 

band and the overhanging parts of the spanners (see Figures 3.31-3.35). 

 

 

Figure 3.31: Top view of the wooden roof/water tank support structure of the CUH 
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Figure 3.32: The lower part of the CUH closed off by a protected wooden basis (back) 

 

Figure 3.33: The lower part of the CUH closed off by a protected wooden basis (front) 

 




















